Abstract Abstract Abstract Abstract Background: Background: Background: Background: Background: Cardiovascular autonomic dysfunction is a serious complication of diabetes mellitus (DM) and is independently associated with microalbuminuria in patients with type-2 DM. This study was conducted to determine the prevalence of cardiovascular autonomic dysfunction in type-2 diabetes patients with microalbuminuria.
Conclusion

Conclusion Conclusion
Conclusion Conclusion: As significant number of DM patients (80%) develop CAN, so cardiovascular autonomic function tests should be monitored to address major potential cardiovascular complications even in asymptomatic patients, especially among those with microalbuminuria. K K K K Ke e e e ey w y w y w y w y wor or or or ords: ds: ds: ds: ds: cardiovascular autonomic dysfunction (CAD); type-2 DM; microalbuminuria.
Introduction:
The prevalence of cardiovascular autonomic dysfunction in diabetes is not precisely known; 1 Abnormal cardiovascular function tests suggest poor prognosis and increased incidence of silent myocardial infarction, cardiac arrest, sudden death, and inadequate response to stressful events, e. g., anaesthesia and surgery. 2, 3 There are very few reports about the prevalence of cardiac autonomic neuropathy (CAN) along with correlation with other diabetic complications. To highlight the magnitude of the problem in Bangladeshi population, the present study was planned.
Microalbuminuria is recognized as the earliest marker of renal disease and is also strongly associated with increased risk of cardiovascular complications, including atherosclerotic coronary artery disease, stroke, peripheral vascular disease, and cardiovascular mortality. This association is independent of other known cardiovascular risk factors such as hypertension, dyslipidaemia, obesity, smoking, and impaired renal function. Cardiovascular autonomic dysfunction (CAD) could potentially constitute another such mechanism. Indeed, few studies have previously shown that CAD is associated with microalbuminuria, especially in individuals with impaired glucose metabolism and diabetes mellitus. 4, 5 Several studies have suggested that impaired cardiovascular autonomic function and increased urinary albumin excretion are related in patients with diabetes. Most of these studies have been done in type 1 diabetes. Similar studies in type 2 diabetes were relatively small. 6 For that reason, we planned to investigate the pattern of autonomic dysfunction and prevalence in patients with microalbuminuria and made an attempt to evaluate if there is an independent relation between increased urinary albumin excretion and subclinical autonomic neuropathy. Cardiovascular autonomic function tests (CAFT) which includes tests for heart rate variability and responses to the certain maneuver were conducted. An electrocardiograph was obtained from bipolar chest leads, R-R intervals were obtained by using a QRS detector with an accuracy of 1 ms.
Materials
The following measures of cardiovascular autonomic function were used:
• Heart-Rate variation to valsalva maneuver: The subject was seated comfortably and was asked to blow into a mouthpiece which was connected to a mercury sphygmomanometer, holding it at a pressure of 40 mm Hg for 15 seconds, while a continuous ECG in lead II was being recorded. The ECG was continued to be recorded for 30 seconds after the release of the pressure at the end of 15 seconds. The heart rate changes which were induced by the Valsalva maneouver were expressed as the ratio of the maximal tachycardia during the maneouver to the maximal bradycardia after the maneouver. This ratio was defined as the Valsalva ratio and was calculated as the ratio of the maximum R-R interval after the maneouver to the minimum R-R interval during the maneouver. Valsalva Ratio (VR) = Maximal tachycardia/maximal bradycardia = Maximum R-R interval/minimum R-R interval.
• Deep Breathing test: After 10 min of rest in a supine position, the deep-breathing test was performed. Subject was asked to breathe quietly and deeply at the rate of 6 breaths per minute (5s in, 5s out). A continuous ECG was recorded for six cycles. The maximum and minimum R-R intervals in lead II were measured during each breathing cycle and were converted to beats per minute.
The result was then expressed as the mean of the difference between the maximum and the minimum heart rate for six measured cycles in beats/minute. Deep Breathing Difference (DBD) = Mean of heart rate differences in 6 breath cycles.
• Heart Rate Response to Standing (Postural tachycardia index): The subjects were asked to lie on the examination table quietly while the heart rate was being recorded on the ECG. They were then asked to stand-up unaided and the ECG was recorded for 1 minute. The shortest R-R interval at or around the 15th beat and the longest R-R interval at or around the 30th beat were measured. The result was expressed as PTI = Longest R-R interval at the 30th beat/shortest R-R interval at the 15th beat.
• Blood pressure response to standing (Orthostatic test):
The subject was asked to rest in a supine position. The resting BP was recorded by using a sphygmomanometer. The subject was then asked to stand unaided and to remain standing unsupported for 3 minutes. The BP was recorded at 30 seconds and 3 minutes after standing up. The difference between the resting and the standing BP levels was calculated. The fall in systolic BP at 30 seconds on standing was noted.
• Blood pressure response to sustained handgrip: The patient was asked to compress the inflated blood pressure cuff to the maximum possible extent with one hand and the reading on the manometer was noted. The patient was asked to maintain the pressure of the cuff in such a way as to keep the manometer reading at 30% of the maximum force for a period of 3 minutes. The maximum reading of the diastolic blood pressure was recorded during the procedure. Then, the rise in the diastolic blood pressure was calculated by subtracting the resting diastolic blood pressure from this value.
Results:
A total of 50 patients were taken in the study; male were 34 and female were 16. Majority of the patients was between 41-50 years and mean duration of DM was more than 12 years [table 1 ]. Common symptoms were lethargy, anorexia, nausea, vomiting, dizziness and bladder symptoms. CAN (total number of patients having abnormal cardiovascular reflexes including one, two or three abnormal reflexes) was found in 80% cases; Parasympathetic dysfunction was observed in 40 (80%) cases and sympathetic dysfunction was observed in 43 (86%) cases. 
Mean duration of DM (years) >12
Regarding the heart rate response to Valsalva maneuver, abnormal response was observed in 19 subject; majority were male 8 (23.53). In case of heart rate response to Deep Breathing, abnormal heart rate was found in 37 patients. In this series, female subjects 8 (50.0) were affected more than male 14 (41.17). No patients were detected with normal heart rate response during Deep Breathing. Heart rate response to standing showed that 23 patients had abnormal heart rate with female 6 (37.5) predominance. Borderline heart rate was found in 20 subjects. So, overall abnormal heart rate was found in 19, 37, 23 number of cases respectively [ Heart rate response to Valsalva manoeuvre (15 secs): ratio of >1. 21 0-1.20-1. 11 < 1. 10 longest to shortest R-R interval Heart rate response to deep breathing (6 breaths over 1 min):
>15 beat/min 11-14 beat/min < 10 beat/min maximum-minimum heart rate Heart rate response to standing after lying: ratio of R-R of microalbuminuria patients is associated with abnormal to borderline dysfunction. In case of heart rate response to valsalva maneuver, 6 (85.71) patients with severe microalbuminuria had abnormal heart rate and 15 (78.94) patients with mild microalbuminuria had borderline heart rate response. All cases of severe microalbuminuric patients had abnormal heart rate response to Deep Breathing, followed by 21 (87.5) patients with moderate microalbuminuria. Heart rate response to standing showed that 14 (73.68) patients with mild microalbuminuria had borderline heart rate response, 18 (75) patients with moderate microalbuminuria and 5 (71.42) patients with severe microalbuminuria had abnormal heart rate response [ Cardiovascular autonomic dysfunction is associated with microalbuminuria in patients with type 2 diabetes mellitus. In this figure mean heart rate score was higher (7. 56) in type 2 DM with severe microalbuminuria patients. A positive correlation was observed between the parasympathetic function and the severity of microalbuminuria. Mean score was 6. 23 in type 2 DM with mild microalbuminuria, 7. 1 was in type 2 DM with moderate microalbuminuria and 7. 566 was in type 2 DM with severe microalbuminuria patients [ figure 1 ] BP response to standing demonstrated that total 3 patients had normal systolic BP. In this series maximum were male subjects 2 (5.88). Borderline BP response was detected in 31 cases. Among them 5 (31.25) were female. Abnormal BP response was found in 16 subjects of whom 11 (32.35) were male. BP response to sustained handgrip represented that 29 patients had abnormal BP response with female predominance. Borderline BP response was found in 17 subjects and among them 12 (35.29) were male and 5 (31.25) were female [ 
Discussion:
In this observational study, we tried to evaluate the prevalence of cardiovascular autonomic dysfunction in type-2 diabetes patients with microalbuminuria in a tertiary level hospital of Bangladesh.
Peak age was between 40-60 years, maximum patients (32%) were between 41-50 (years) age groups, male-female ratio was 2.22:1. Among the risk factors hypertension was the most common (76%), next common risk factors were smoking (66%); obesity (54%); dyslipidaemia (32%). Mean duration of DM was more than 12 years. About 62% patients had history of taking injectable (insulin) medication for diabetes, 38% received the oral medication. Present study showed that, 40 (80%) patients had parasympathetic dysfunction (at least one of the three tests of parasympathetic function being abnormal) and 43 (86%) patients had sympathetic dysfunction (at least one of the two tests of sympathetic function being abnormal) which is consistent to the study done by Basu AK in which parasympathetic and sympathetic abnormality were 52% and 20% respectively. 2 In this study, common risk factors were HTN, smoking, obesity and dyslipidaemia and it is consistent with the study done by Deepak N Parchwani et al. 7 in which age, triglycerides, blood pressure and HbA1c were significantly related to the presence of microalbuminuria.
Present study demonstrated that cardiovascular autonomic dysfunction is related to the presence of microalbuminuria which is consistent with other international studies. 4
Conclusions:
Evaluation of cardiovascular reflexes in type 2 DM subjects with paucity of related symptoms constitutes an important feasible and reproducible beside clinical technique and correlates with abnormal albumin excretion. It should be included as a routine in work-up of patients with type 2 DM as it often uncovers autonomic neuropathy even in asymptomatic state. Mean autonomic score of BP
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